ABSTRACT
INTRODUCTION
An offshore structure has no fixed access to dry land and may be required to stay in position in all weather conditions. Offshore structures may be fixed to the seabed or may be floating. Majority of offshore structures support the exploration and production of oil and gas, other major structures, e.g. for harnessing power from the sea. Offshore Platforms are in general classified as Fixed Platform, Compliant Platform and floating production systems. A Fixed Platform consists of a jacket (a tall vertical section made of tubular steel members supported by piles driven into the seabed) with a deck placed on top. The deck provides space for crew quarters, drilling rigs, and production facilities. The fixed platform is economically feasible for installation in water depths up to about 600 m. Foundation piles have a significant effect on the response of fixed offshore structures.
In this study, the response of the platforms mainly depends on the pile response and pile-soil interaction. Wave forces and forces due to current are the forces which contribute the lateral forces for an offshore structure. The vertical load will be acting on the deck. The literatures on dynamic analysis of an offshore platform are limited. Mostafa and Naggar (2004) have studied the response of fixed offshore platforms to wave and current loading including the soil structure interaction. The soil resistance to the pile movement is modelled using dynamic p-y curves and t-z curves to account for soil nonlinearity and energy dissipation through radiation damping. Eicher et al. (2003) , in their study, analysed the deformation of and stresses in a single offshore concrete pile under combined structural and wave loading by the finite element method. Also performed a parametric study due to changing loading conditions. Mostafa and Naggar (2006) , has examined the effect of seabed instability on a fixed offshore structure in their study taking into account the soil non-linearity, dynamic soil resistance and pile-soil-pile interaction. The parameters considered in the study are soil movement, sliding layer depth, pile flexibility and axial loading at pile head.
PLATFORM DESCRIPTION
The platform considered in this study is the 'Kvitebjørn' platform. Water depth at the site is 190 m and the substructure is a piled steel jacket. The Kvitebjørn substructure has four legs supported by vertical steel piles grouped symmetrically around each corner leg. Due to weight limitations for the offshore lift, the jacket is fabricated, towed to the site and lift-installed as two separate structural units. The upper part of the structure is connected to the lower part through a traditional grouted connection and extends to approximately 25 m above the mean sea level (MSL). The jacket's lower part is approximately 45 m high and is connected to the pile foundation. The weights of the upper and lower parts of the structure are approximately 73,000 and 45,000 kN, respectively. The total weight of the foundation is 53,000 kN and the total weight of the platform is 171,200 kN. The structure is designed to support a maximum operating topside weight of 225,000 kN. The lower part is square shaped with base dimensions 50 m X 50 m, is approximately 45 m high and has vertical corner legs. The top part extends from approximately El. -145 to El. +8 m and has a constant batter on all sides with square dimensions at the bottom of 50 m X 50 m to square dimensions at the top of 25 m X 25 m. The jacket is flared on two sides to meet the interface dimension of 22.5 m X 30 m towards the topside at El. 21.2 m. All elevations are relative to MSL. The jacket is supported on 16 piles with a diameter of 2.438 m arranged in symmetrical groups of four piles per corner leg. Each corner leg has an additional pile with a diameter of 1.372 m to be used for levelling.
ENVIRONMENTAL DATA
The environmental data are based on STATOIL specifications 'Metocean Design Criteria for Kvitebjørn' and are provided by Aker Engineering AS. The maximum directional wave heights for the 100-year return period are given in Table 1 , including the mean wave period along with the 90% interval. The thickness of marine growth is considered to be 20 mm below El. +2 m. The average dry density of the marine growth material is considered to be 1300 kg/m 3 . Morison's equation is used together with the API wave force guidelines to generate the hydrodynamic forces. Drag and inertia coefficients are assumed to be 0.7 and 2.0, respectively, and the wave kinematics are calculated using the Stoke's fifth order wave theory. Table 2 . 3D View of the model generated with FLAC3D is shown in Figure 1 . 
LOADS ACTING ON PLATFORM Static Loads
Structural Loading on the deck = 230,000,000 N. Structural Load is applied as pressure over the deck plate.
Dynamic Loads
In our structure, the wave loads acting on the structure is the dynamic(lateral) load. The wave forces are calculated using stoke's fifth order wave theory and Morisson's equation. The wave Particle velocity and acceleration are calculated using the stoke's fifth order wave theory. The current velocity at the respective depth is summed up to the wave particle velocity found from the stoke's theory(API RP 2A-WSD) and then applied to the morisson's equation to find the wave force at a certain depth.
ANALYSIS IN FLAC3D Static Analysis
A static or steady-state solution is reached in FLAC3D when the rate of change of kinetic energy in a model approaches a negligible value. This is accomplished by damping the equations of motion. At the conclusion of the static solution stage, the model will either be at a state of equilibrium or at a state of steady flow of material, if a portion (or all) of the model is unstable under the applied loading conditions. Mechanical ratio is ratio of the maximum unbalanced mechanical force magnitude for all the grid points in the model divided by the average applied mechanical force magnitude for all the grid points in the model. (Default Value is 1×10 "5 ).
Dynamic Analysis
Always a static equilibrium condition precedes a dynamic analysis. The unbalanced force history reduces to about 2% during the static phase of the analysis. This shows structure to be in equilibrium. Then, the dynamic analysis is performed on the structure by varying the load with respect to time. Here, in FLAC3D, the load is varied with respect to the dynamic time and the responses of the pile structural element nodes with respect to dynamic time are stored as histories and can be reviewed. We can then plot responses of the pile along the depth of the pile for the combined action of the structural (vertical) load and the dynamic wave (lateral) load on the offshore platform. The loads in FLAC3D are varied using the fish functions. The dynamic analysis is carried out for one complete wave cycle, taking into account the 100 year return period datas. The responses of a pile in a row are studied. The legend followed for piles and legs are shown in Figure 2 . The wave forces are calculated using the stoke's fifth order wave theory and is applied to the model at various nodes. Figure 3 and 4 shows the deflection and bending moment respectively along the pile length for the finite difference analysis and Mostafa and Nagger (2004) . The maximum deflection and bending moment are very well comparable with Mostafa and Nagger (2004) . The deflections of all the piles are shown in Figure 5 . The deflection of rear pile of leg2 (L2P3) is found to be more critical than all other piles in the row. The deflection of L1P2 is found to be approximately 62% of deflection of L2P3. 
RESULTS

Model Validation
PARAMETRIC STUDY
The seabed slope is varied and the pile responses are studied for various slopes of seabed. The increase in seabed slope increases the displacement of the pile. The variation of displacements for all slope cases is shown in Figure 7 . The maximum displacement for a plane seabed case is found to be 26.13mm and it increases gradually with the increase in seabed slope. The value of maximum deflection for 1 in 10 slope case is found to be 107.8mm.The location of maximum displacement remains the same for all the cases. Various Slope Cases Figure 8 shows the variation of bending moment for all the slope cases. The maximum bending moment increases with the increase in slope of seabed. The maximum negative bending moment for a plane seabed case is observed to be 9.162MNm and it increases with the increase in seabed slope. The maximum negative bending moment for 1 in 10 slope case is found to be 12.673MNm. The location of the maximum bending moment also varies with respect to slope. 
CONCLUSION
From the results, it is clear that the maximum lateral deflection among all the piles at seabed level has been occurred in the rear piles of leg1 (which is in tension) and leg2 (which is in compression). The lateral deflection of piles increases with increase in slope of seabed. In the In case of bending moment, the maximum negative bending moment among all the piles has been found to be occurred in the front pile of leg2. Maximum negative bending moment for the pile increases with increase in seabed slope.
The maximum negative bending moment of front pile of leg2 (L2P2) when the seabed slope is of 1 in 50 is about 4.2% higher than the maximum negative bending moment of the pile in plane seabed case.
